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Abstract 
Protected Areas must be planned and managed for ecosystem and communities. Studies have proven that land use 
activities surrounding the PAs could increase the pressure to the latter. This study is to identify the land use activities 
carried out by the communities around Krau Wildlife Reserves (KWR), and ascertain their threats and impacts. It’s 
based on ground verification and Digital Elevation Model. The findings showed that the activities were glaring and 
encroached into the KWR and poses great threats to the latter. Thus, a better mechanism is needed to protect the 
KWR. 
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1. Introduction 
A Protected Area (PA) can be defined as “a clearly defined geographical space, recognized, dedicated 
and managed, through legal or other effective means, to achieve the long term conservation of nature with 
associated ecosystem services and cultural values” (IUCN, 2008). It has become a universally adopted 
way of conserving biodiversity for a wide range of human values (Duong & Murayama, 2010). 
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Worldwide, 11.2% of the total forest area has been designated for the conservation of biodiversity (Food 
and Agriculture Organization of the United Nations, 2005).  
PAs in Malaysia exist in the form of the national park, state park, wildlife reserve, forest reserve and 
wetland areas. For example, Fraser Hill Wildlife Reserve, Tasik Cini Wetlands, Taman Negara, Batu 
Gajah Bird Reserve, etc. PAs are gazetted under the various acts and enactments such as National Park 
Act 1980, The Protection of Wildlife Act 1972, Forestry Act and National Land Code 1965 ((Deparment 
of Wildlife and National Parks Malaysia, 2001). 
Even though, PAs are meant for biodiversity conservation, they are equally important for the 
livelihoods of local communities, especially indigenous people who live and/or depend on the resources 
available in the PAs for their survival (DeFries, Karanth, & Pareeth, 2010; Stræde & Treue, 2006). PAs 
are among the most dynamic environments, a means to uphold the cyclical relations within the ecosystem 
and thus maintain the ecological services such as clean water and air, biodiversity hotspot and supporting 
life of the people in the areas and also a melting pot for nature tourism (Nyaupane & Poudel, 2011). 
Recently, PAs are also increasingly recognized as a mechanism to help people coping with climate 
change; as a carbon sink and temperature stabilization (MacKinnon, Dudley, & Sandwith, 2011). It has 
been estimated that the global network of the PAs stores at least 15% of terrestrial carbon (IUCN, 2008). 
As demands for efficient and pressing utilization of natural resources increase, the need for PAs must 
be clarified – to both decision makers and the general public alike. The important of PAs are undeniable 
and acceptable by the public at large. However, while the PAs are intact, the areas surrounding it may be 
not. These activities, as well as pressures on the environment caused by economic development and other 
human activities make it difficult to protect the PAs.  
Although PAs are often viewed as islands in isolation from their surroundings, they are not because 
they are subject to many outside influences and in turn affect neighboring lands and vice versa. These 
relationships maybe primarily ecological or physical, but also include cultural, social and economic 
considerations. It is rather constitute a form of land use that must be complementary to their surroundings 
if they are to survive (National Physical Plan, 2011). 
2. Purpose of Study and Study Area 
The purpose of this study is to document the land use activities carried out by the communities around 
KWR and further identify the activities which have encroached into the KWR, and gave impacts to the 
latter. It is also determining the physical factors that facilitate and hinder the encroachment activities from 
the surroundings such as accessibility, water bodies, terrain, dense forest etc. 
KWR (Figure 1 (a)) is located partly in the district of Temerloh, Bentong and Raub in the state of 
Pahang, Malaysia. It covers approximately 62,000 hectares. “Krau Wildlife Reserve is among the last 
frontier of lowland forest in the Peninsular Malaysia and also a biodiversity hotspot in the country” 
(Saleh, 2003). Nonetheless, it has been subjected to pressure from ever growing activities around it such 
as fragmentation due to encroachment and conversion of land title, degazettment, over hunting and over 
harvesting of non-timber product and agricultural activities. Furthermore, the existence of stakeholder and 
local community, especially indigenous people in and around KWR contributed to its complex system as 
well. Their activities in these areas have always had a great impact on the PAs. Although KWR is almost 
intact, the forested areas surrounding it had considerably declined due to the changes of land use 
activities. Conflicting land uses activities carried out by the surrounding communities outside the 
boundaries of the reserve are affecting the biological integrity of the PAs. 
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Fig. 1. (a) Krau wildlife reserve area; (b) Workflow of research activities 
3. Methodology and Limitation of the Study 
This study (Figure 1.(b)) involved GPS-based ground positioning and verification technique as a 
primary data collection, to identify and verify the current land use activities of the study area. Remote 
Sensing (RS) technique and Digital Elevation Model (DEM), being the secondary data collection 
techniques were used to support and strengthen the primary data. RS technique is the preferred choice due 
to relatively fast and effective way of detecting changes of land use activities at the regional scale, and 
DEM is to formulate the elevation of the study area. This study only focused on the physical land use 
activities, primarily the built-up area and the economic activities carried out by the local communities 
through the researcher’s observation. 
3.1. Primary data collection – GPS-based ground positioning and verification 
 
 
 
Fig. 2. Flow chart of ground positioning and verification process 
 
GPS points
Capture scene of the area at every GPS points
Physical land use activities data at point of study
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Data collection was carried out along the boundary of KWR, derived from the available topographic 
map, to verify and record human activities and slope settings around it. The process involved three stages 
(Figure 2) and ground records were gathered using an Inventory Form (Table 1). 
Table 1. Land cover and land use inventory form 
 
 
 
 
 
 
 
 
Fig. 3. Image Point Index 
 
Fig. 4. (a) Community hall (A); (b) Rubber trees (B).  Figure 4. (a) is the example of photo taken at Point ID: 6 
(coordinates: E 471949m, N 417334m) and (b) is the example of photo taken at Point ID: 17 (coordinates: E 
479230m, N 406035m) 
P O INT ID : 1
G P S R E AD ING /C OOR D INATE S : E 468825
N 426673
F E ATUR E S
A Hydrography B Accessibility C Settlement D Vegetation E Agriculture F Slope Remarks
1 L ake 1 R a ilway 1 R es ea rch office quarters 1 P rimary fores t 1 P lanta tion 1 F la t B oundary
2 P ool 2 H ighway 2 O rang A s li s ettlement 2 S econdary fores t 2 F arm / 2 G entle / line
3 R es ervoir 3 C arriage track / 3 Malay s ettlement / 3 G ras s land / 3 O rchard 3 Modera te cros s ing
4 R iver 4 Uns ea led tra ck 4 C hines e s ettlement 4 O pen space / 4 O thers 4 S teep ca rriag e
5 S tream 5 Motorable tra ck / 5 O thers 5 O thers (eg . Nomad) track
6 S wamp area / 6 F ootpa th /
7 O thers 7 O thers
 
The variables used in the form (Table 1) above were derived from standard 
topographic map acquired from the Malaysia Surveying Department such 
as accessibility, settlements, agriculture and hydrology. GPS receiver 
(Garmin GPS e_Trex Summit) was used to locate the position of land use 
and other ground activities during the works. Digital images (Sony digital 
camera) were captured along the boundary at selected points with the 
radius of two kilometers and its coordinates determined. The arrangement 
method (Figure 3) of the captured photos at the specific areas was divided 
into four (4) sectors. The sector was divided into four sections, each facing 
different geographical directions. Some sections with similar information 
are represented by less than 4 photos. Figure 4 and 5 below showed the 
example of photos taken during the fieldwork at the respective points. 
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Fig. 5. (a) Paddy field (D); (b) Stlement of indigenous community (D).  Figure 5. (a) is the example of photo taken at 
Point ID: 23 (coordinates: E 47712m, N 402049m) and (b) is the example of photo taken at Point ID: 27 (coordinates: 
E 477031m, N 401374m) 
3.2. Secondary data collection - Construction of Digital Elevation Model (DEM) 
 
 
Fig. 6. Flow chart of data processing to form Digital Elevation Model (DEM) 
The topographical map is in scale 1:50,000 and the contour interval are 100 meter. This particular map 
is used due to its advantages of the availability, portability and ease of use in the field and also the main 
source in developing a DEM. The scanning process is done to change the topographic map into the digital 
form. The contour lines then digitized and the vector contour lines were then converted into points using 
Data acquisition (Topographical map 
in raster form)
Scanning process using typical 
computer software 
Digitizing process using MapInfo 
software 
Formulation of Triangulation 
Irregular Network (TIN) using 
ArcView GIS 3.1 software 
Construction of Digital Elevation 
Model (DEM) using ArcView GIS 
3.1 software
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‘polytwopoints.ave’ in ArcView 3.1. The contour points theme was converted into raster format before 
interpolation took place. A Triangulation Irregular Networks (TIN) is widely recognized approach to 
develop elevation modeling which has relatively benefits. It was done using ARC/INFO and ArcView 
GIS 3.1 software. TIN represent results in flat surfaces for areas where only contour data is used; a set of 
triangles represents the terrain surface. Consider a set of coordinates marked on a map, these coordinates 
are ‘triangulated’ and their verticals represent the spatial point. Each triangulation covers its own area 
without overlapping each other. The map used to generate DEM was derived from TIN which represents 
the terrain surface. The DEM provides a digital description of the terrain surface, giving continuous 
elevation values over the entire study area. The study area can later be seen in 3D views. 
3.3. Secondary data collection – Remote Sensing (RS) technique 
Figure 7(a) shows the flow of the remote sensing data processing. LANDSAT Thematic Mapper (TM) 
optical images with 30m pixel size were obtained from Malaysia Remote Sensing Agency and were 
captured in 1998, 2001 and 2004 with the areas of 1000 X 1000 pixels covering approximately 900 km 
per square. 
 Figure 7(b) shows an example of an image taken in year 2004 and the study area is covering from 
3º50'N, 101º 55'E (Upper Left) to 3º 35'N, 102º 25'E (Lower Right). Land cover and land use patterns are 
to be classified by its pattern. Some items are similar to each other, and a simplification is to be reduced 
the pattern to three types namely; vegetation (forest), agricultural area and built-up area. Although the 
classification is rather general but the main purpose is to identify the area and direction of the land use 
changes especially agriculture and built-up area which involved local communities. Digital classification 
was carried out through supervised classification approach using training areas, and Maximum Likelihood 
Algorithm was employed to detect the types of classification. An accuracy assessment also has been done 
to determine how correct the classified was. 
 
 
Fig. 7. (a) Flow of remote sensing data processing; (b) Example of image taken in 2004 
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4. Results 
4.1. Ground positioning and verification of land use activities 
Forty three (43) GPS points had been identified along the KWR boundary, and seventy three (73) 
photos had been taken to represent the points. At points with similar land use activities, only one or two 
photos were taken to represent the area. The point’s intervals were two (2) kilometers, but the distance 
varies at areas with difficulties to access such as no access road at all, dense forest or steep slopes. Each 
point has been elaborated by the information of the related land-use activities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The quadrants designated and GPS coordinates along the boundary of the KWR 
The area has been divided into four (4) quadrants due to the similarity of land use activities found in 
the area. The designated areas namely Area 1: North East covered the GPS points from 1 to 12, Area 2: 
South East covered the GPS points from 13 to 35, Area 3: South West covered the GPS points from 36 to 
43 and Area 4: North West covered none of GPS points due to the difficulty of accessed into the dense 
forest and very hilly area.    
In this study, it was found that major farming activities are observed at Area 1: North East section of 
the study area. Farming activities carried out by indigenous community, and other local communities are 
encroached into the KWR and their settlements are in the vicinity. It is also found that, human activities 
along the KWR boundary involved low land areas with moderate slopes to support farming such as paddy 
and rubber. Area 1 also showed that more human activities had taken place at the area where there are 
road networks and water bodies. This has provided the basic necessity for a living.  
Area 2: South East section, activities such as oil palm and rubber with the tendency to encroach 
towards the KWR is high. Settlements unit of the indigenous community and other local communities 
along and inside KWR are also part of the human activities perceived. Area 3: South West section 
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experienced similar activities to Area 1 and 2 whilst at some areas, tendency of encroachment of orchard 
(banana and other non-seasonal fruit trees) into the KWR are in the vicinity. Surprisingly, Area 4: North 
West section experienced little or no human activities. This might due to the area concern comprises of 
hilly, undulating and dense forest. Little to no human settlement and minor farming such as non-seasonal 
fruit trees (banana) are recorded.   
4.2. Digital Elevation Model (DEM) 
The construction of DEM is to obtain the elevation range of the KWR. Elevation data is essential for 
determining the tendency of encroachment of land-use activities of the area. ArcView GIS 3.1 software 
was used to generate the DEM. The map was derived from A Triangulated Irregular Networks (TIN) 
which represents the terrain surface. The heights for the constructed DEM range from 0 meter to 2100 
meter. The equal interval classification of 15 classes was used to classify the contour. Figure 9 below 
shows the elevation range developed for this analysis. 
 
NOT TO SCALE
LEGEND
 
Fig. 9. Digital Elevation Model (DEM) 
   
Fig. 10. (a) DEM-View towards north-west; (b) DEM-View towards south; (c) DEM-View towards west 
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Figure 9 and 10 (a), (b) and (c) above shows that KWR comprises of flat, undulating and high peak 
topography, and have become the important factors in determining the types, changes and movement 
direction of the land use activities. 
4.3. Remote sensing data 
Figure 10 shows the land uses activities which are built-up area and agriculture increases from 1998 to 
2004 and some activities have encroached into the KWR. 
  
30 Km
30
 K
m
30
 K
m
 
 
Year 1998       Year 2001          Year 2004 
  
Legend  
 Vegetation (forest)   Agriculture    Built-up 
Fig. 11. Classification area of land cover and land use activities at KWR and its surrounding areas 
Figure 11 below shows the changes that were taken place in KWR and its surrounding. Likewise, 
Table 2 shows the percentage of the changes occurred in the study area. Built-up area has taken up the 
agricultural area in 2001 and 2004, respectively. In general, most of the changes occurred at the east and 
west side.  
 
          
 
 
 
Fig. 12. Change detection of land cover and land use activities at KWR and its surrounding areas between  (a) 1998 – 
2001; (b) 2001 – 2004 
 
392   Che Bon Ahmad et al. /  Procedia - Social and Behavioral Sciences  68 ( 2012 )  383 – 394 
Table 2. Percentage of changes of land cover and land use activities 
   1998 to 2001  2001to2004  
Class 
     
Color code Areas (hectares) Percentage Areas (hectares) Percentage 
No changes   82122,84 85% 88638,03 91% 
Vegetation    7204,86 -7% 3074,04 -3% 
Agriculture   3892,05 +4% 1790,46 -2% 
Built-up   3536,73 +4% 4319,55 +4% 
Total   96756,48 100% 97822,08 100% 
 
Agricultural area has increased about 4% from 1998 to 2001 but decreased about 2% from 2001 to 
2004. It is because the built-up area has taken the 2% of the agricultural area while the built-up area has 
increased about 4% from 1998 to 2001 and continues to increase another 4% from 2001 to 2004. 
Vegetation had decreased about 7% from 1998 to 2001 and continues to decrease another 3% from 2001 
to 2004 at the respective areas. It is also shown that generally the pattern of changes were from vegetation 
to agriculture, and to the built-up area.  
5. Discussion  
5.1. Type of activities and encroachment 
The findings have confirmed that there are various activities carried out by the surrounding 
community, mostly indigenous people who have been living in the area hundred years ago. In such 
situations, they often carried out the activities, particularly small plot of rubber farming, cultivating of 
seasonal and non-seasonal crops, paddy fields, banana, pineapples and etc., for the purpose of self-use 
and as a substitute to the extraction of natural resources such as non-timber forest product and rattan 
found in KWR. Some of the activities are bordering the KWR and others are encroached into it, resulting 
in potentially negative impacts to the conservation of KWR. Historical land use activities of a particular 
area should be observed due to the encroachment activities perceived are mostly involved indigenous 
people. However, they are permitted by law to extract the forest product from the KWR for the purpose of 
self-use. Furthermore, their settlements are also found next to the KWR as well as inside it.  
Although their activities poses negative impact to KWR, it is worth taking into consideration the 
plantation activities carried out by larger company such as FELDA. It was found that the plantation has 
taken place right up to the border of KWR. Thus, it may contributed to the negative impacts due to abrupt 
change in land use activities between forest reserve (KWR) and agriculture such as edge effects resulting 
of dying of forest trees and wildlife leaving the KWR. 
5.2. Factors determining/supporting the activities 
Together with the GPS-based ground positioning and verification (primary data), the DEM (secondary 
data) suggested that the surrounding area and KWR experienced an encroachment of farming activities by 
indigenous people and local community which is north-east followed by south-east and west side. It 
occurred mostly at the lower, flat areas and areas which have access such as the road network and water 
bodies. Otherwise, undulating and steep slopes covering north-west side hinder human activities such as 
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cultivating of seasonal crops and other farming activities as well as settlements. Flat areas may provide 
easy accessibility from the surrounding while higher elevation areas restricted the accessibility. Thus, 
human activities became limited. 
5.3. Factors determining the intensity of the land use activities 
Remote sensing images suggested that the area has gone through a series of changes. Vegetation area 
has changed to agriculture and built-up area between the year 1998 to 2001 and 2001 to 2004, 
respectively. Overall, it was found that the intensity of the changes has occurred at the east and west side 
of the area. DEM also suggested that most of the changes occurred at flat areas and decreased in hilly and 
undulating areas. This might be due to the increased of the population which required more opening of 
land for agricultural and settlement area. This shows that, dense forest, hilly and high elevation areas are 
not prone to human activities and settlement. The overall findings suggested that most of the area 
experienced encroachment of farming activities by indigenous people and local community at the flat 
areas due to easy accessibility and farming activities, and less at hilly areas. This study can be 
summarized into the following points: 
 Flat areas indicate the high possibilities of encroachment activities.  This may due to the area provide 
an easy access to the indigenous people and other local communities to enter the KWR and increased 
of population of the areas. This factor suggested that land use activities occurred mostly at low land 
and flat areas.  
 However, areas which are subject to hilly, high peak and dense forest should shows that minimum to 
no encroachment activities are carried out at these areas. This may due to the difficulties to access 
areas. 
 Areas which involved water bodies (river), road networks and other similar activities performed a 
significant changes of the land use activities because it support various human activities such as 
farming, land clearing and settlements. 
6. Conclusion 
Identifying the land use activities is very important in order to minimize the negative impact from the 
outside and to safeguard the significant of the KWR. Encroachment by communities has proven gave a 
great impact to the environment and in this case KWR. It has become isolated and not good for biological 
conservation of the wildlife. Thus, a better management is needed. It may include identifying the buffer 
zones around it, inclusion of local communities and stakeholder alliances. It is worthwhile to reach the 
balance between their (indigenous community being the majority) needs towards KWR, and the 
conservation purposes. Besides land cover and land use (physical aspect) activities, other aspects could be 
worth looking into are the stakeholders’ participation and contribution, management objectives, and laws 
and policies which relates to the PAs. This study also suggested that buffer zones may be one of the 
solutions for a better management, prevent the PAs from the negative impact of the surrounding activities. 
It is also suggested that although the KWR is gazettes as a PA, the encroachments is glaring and 
increasing. This may be due to the lacking of the enforcement of the law and policies or the economical 
and political requirement have superseded the value of the conservation of the natural areas.     
Though the study carried out shows the aid of remote sensing, it is recommended that for future studies 
the use and integration of other data set such as high resolution remote sensing images such as IKONOS 
and other related policies, to determine the impact of human activities around the PAs will be very much 
essential. The classification of remote sensing images may be break down into a more detail types of 
classification for example, primary forest and secondary forest. This study has also demonstrated that the 
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recent advancements in remote sensing technologies and GPS provide a powerful tool for mapping and 
detecting changes in land use activities. This research further demonstrated that these modern 
technologies together with field observation can be a very good tool in determining the land use activities. 
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